Abstract Introduction: Thyroid dysfunction may occur in patients with acute respiratory failure (ARF) and may influence the prognosis.
Introduction
During critical illness, changes in the level of circulating hormones are a common phenomenon; these alterations are correlated with the severity of morbidity and the outcome of patients in intensive care unit (ICU) [1] .
Thyroid hormones play a key role in the maintenance of body growth by modulating metabolism and the immune system [2] . This effect on metabolic rate is probably responsible for the association between the thyroid hormones and respiratory drive [3] . It is well-known that primary hypothyroidism significantly causes abnormalities of the respiratory system that respond well to the thyroid hormone therapy [4] . And it is also a known cause of ventilator dependent respiratory failure [5] .
In the 20th century, researchers found that thyroid dysfunction is associated with the mortality of patients admitted to the ICU [6] [7] [8] . These alterations in thyroid hormone levels are referred to as ''nonthyroidal illness syndrome'' (NTIS), which is characterized by low serum levels of free and total triiodothyronine (T3) and high levels of reverse T3 (rT3) accompanied by normal or low levels of thyroxine (T4) and thyroid-stimulating hormone (TSH) [9] . Multiple, complex, and incompletely understood mechanisms are involved in these abnormalities such as disturbances in the hypothalamopituitary-thyroid axis, thyroid hormone binding to serum proteins, tissue uptake of thyroid hormones, and altered thyroid hormone metabolism [10] .
Changes of thyroid hormones in patients with respiratory failure who are mechanically ventilated without a history of a known thyroidal disease is still an area of active research especially with the high risk of development of full picture of hypothyroidism that may augment the morbidity and mortality of mechanically ventilated patients.
Also C-reactive protein (CRP), as a measure of overall systemic inflammation, is strongly and independently associated with respiratory impairment [11] . It appears to be a major determinant of hospitalization and death risk whatever the end-stage respiratory disease [12] .
Aim of the work
To assess the prognostic value of thyroid hormones in mechanically ventilated patients with acute respiratory failure secondary to pulmonary diseases and to find out the possible relation with serum level of hs-CRP.
Patients and methods
A prospective study that was carried out at the Respiratory Intensive Care Unit (RICU), Kasr El-Aini Hospital from March 2013 to February 2014. Fifty-six patients with acute respiratory failure requiring mechanical ventilation were evaluated at the time of admission.
According to the cause of the respiratory failure: 40 patients were having respiratory failure due to pulmonary cause, 5 patients with cardiogenic pulmonary edema, 2 patients with myopathy, 2 patients with cerebro-vascular stroke, 2 patients with Myasthenia gravis, one patient with organophosphorous poisoning, 2 patients with primary hypothyroidism. In addition, two patients stayed at the ICU for less than 24 h.
Acute respiratory failure was diagnosed according to the ABG parameters when arterial PaO 2 was less than 60 mmHg with or without an increase in arterial PaCO 2 [13] .
Non-invasive ventilation (NIV) was used when appropriate. The need for invasive mechanical ventilation (IMV) was based on the criteria for indications of intubation in acute respiratory failure [14] . These criteria were: (1) apnea or respiratory pauses with loss of consciousness or imminent respiratory arrest, (2) altered mental status, (3) acute cardiovascular instability, (4) inability to protect the lower airway or copious secretions, (5) patients who could not tolerate (NIV) or progressive respiratory acidosis despite intensive initial therapy. Weaning from the mechanical ventilation started as soon as the patient was capable of initiating a spontaneous breath and then weaned by progressive reduction in pressure support ventilation as far as he/she could tolerate. Patients in need for endotracheal intubation were mechanically ventilated with Drager (Evita4) and MAQUET (Servo-S) ventilators in the assist-control mode. Portable non-invasive ventilators (RESMED IV) were used for NIV when appropriate.
Inclusion criteria
Mechanically ventilated patients, with pulmonary causes of acute respiratory failure, were involved in the study.
Exclusion criteria
Patients with one or more of the following criteria were excluded from the study; mechanically ventilated for less than 24 h, having extra-pulmonary causes of respiratory failure, presence of co-morbid conditions known to alter thyroid function (including: advanced heart failure, recent myocardial infarction, neurologic disorders, hepatic or renal failure), known intrinsic thyroid or pituitary hypothalamic disease, use of iodine contrast agent in previous 8 weeks, and/or the use of drugs known to affect the level of serum thyroid hormones (e.g. corticosteroids, dopamine, and amiodarone).
So the final study population included 40 patients with acute or acute on top of chronic respiratory failure due to pulmonary diseases and subjected to mechanical ventilation whether invasive or non-invasive.
All patients of the study population were subjected to;
Full medical history (from the patients or their relatives). Thorough physical examination. Routine laboratory blood tests including; serum electrolytes, liver function tests, kidney function tests, complete blood picture, and D-dimer whenever pulmonary embolism was suspected. It was done for two cases. Arterial blood gases (ABG). Acute Physiology and Chronic Health Evaluation (APACHE II score). Serum levels of Free T3, Free T4, and TSH were measured at the first day of admission and before discharge from the ICU. Serum level of hs-CRP was measured at the first day of admission.
Plain chest X-ray, electrocardiogram, and culture of; sputum, blood and urine were done when needed.
Arterial blood gases (ABG)
A proper blood sample for ABG analysis consists of a 2-3 ml arterial specimen collected anaerobically from a peripheral artery in a 3-or 5-ml plastic or glass, airtight heparinized syringe fitted with a small-bore needle [15] . It was done at baseline, during hospitalization, and on weaning from mechanical ventilation.
The APACHE II score
The APACHE II score is a system for classifying patients in the intensive care unit. It is made of 12 physiological variables and 2 disease-related variables. The APACHE II score ranges from 0 to 71 points and it correlates with the severity of illness. The worst physiological variables were collected within the first 24 h of ICU admission. It was further evaluated on discharge [16] .
Collection of samples for estimation of the level of thyroid hormones and hs-CRP
Serum samples were collected at the time of admission and discharge, using standard veni-puncture technique. Serum was removed from the coagulated or packed cells within 60 min after collection. Specimens which could not be assayed within 24 h of collection were frozen at À20°C or lower.
Principles and techniques used for assessment of the level of thyroid hormone
Free T3
Competitive analog based immunoassay was employed. The required reagents were immobilized T3 antibody and enzyme-T3 conjugate with no measurable binding to serum proteins especially thyroid binding globulin (TBG) and albumin. The device used was IMMUNOSPEC Corporation, Catalog No. E2-231. Expected range: 1.4-4.2 pg/ml.
Free T4
Competitive analog based immunoassay was employed. The device used was IMMUNOSPEC Corporation, Catalog No. E29-232. Expected range: 0.65-1.97 ng/dl.
TSH
Solid phase enzyme-linked immunosorbent assay was used. It utilizes a unique monoclonal antibody directed against a distinct antigenic determinant on the intact TSH molecule. The device used was IMMUNOSPEC Corporation, Catalog No. E29-227. Expected range: 0.4-7.0 micro IU/ml.
Principle and technique used for quantitative assessment of the level of hs-CRP
High sensitive enzyme immunoassay. It is based on the principle of a solid phase enzyme-linked immunosorbent assay that utilizes a unique monoclonal antibody directed against a distinct antigenic determinant on the CRP molecule. The device used was IMMUNOSPEC Corporation, Catalog No. E29-056. Expected range: 68-8200 ng/ml. All patients were monitored as regards the conscious level, vital signs (heart rate, respiratory rate, temperature, and blood pressure), occurrence of complications, and the need for shift to invasive mechanical ventilation when non-invasive method failed. The total duration of mechanical ventilation and length of ICU stay were recorded. Also the final patients' outcome was reported as being survived or not.
Statistical analysis
Data were statistically described in terms of mean ± standard deviation (±SD), or number of cases and percentages when appropriate. Comparison of numerical variables between the study groups was done using Student's t test for independent samples in comparing 2 groups when normally distributed and Mann-Whitney U test for independent samples when not normally distributed. Comparison of numerical variables between more than two groups was done using Kruskal-Wallis test. Within group comparison of numerical variables was done using paired t test. For comparing categorical data, Chi square (v2) test was performed. Correlation between various variables was done using Pearson moment correlation equation for linear relation in normally distributed variables and Spearman rank correlation equation for non-normal variables and/or non-linear relation. P-value less than 0.05 was considered statistically significant. All statistical calculations were done using computer program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows.
Results
The patients' baseline clinical data are reported in Table 1 . Twenty-four patients required IMV (60.0%), 16 patients were initially on NIV (40.0%) and six patients needed to be shifted from non-invasive to invasive ventilation. The mean duration of mechanical ventilation was (8.40 ± 5.96 day) and the length of ICU stay was (12.10 ± 8.54 day).
Thyroid function and its correlation with different variables
It was found that 15 patients among the study population had normal thyroid state at the time of admission (37.5%) and 16 patients (40%) had non thyroidal illness syndrome (NTIS) ( Table 2) . It is worth attention that the levels of thyroid hormones and hs-CRP were not significantly different among all patients as regards the cause of respiratory failure (Table 3) .
There was a significant positive correlation between FT3, FT4 and APACHE II score on admission [(p-value = 0.009, r = 0.407) and (p-value = 0.008, r = 0.417), respectively]. There was no significant correlation between each of thyroid hormones and PH, PaO 2 , PaCO 2 , HCO 3 and PaO 2 /FIO 2 ratio, and only there was a significant inverse correlation between TSH level and PaO 2 (p-value = 0.041, r = À0.324) (Fig. 1) .
No significant difference was detected between the levels of thyroid hormones at the time of discharge compared to their levels at the time of admission (Table 4) . However, there was a significant correlation between % change of FT3 and FT4 with the use of digoxin as an anti-arrhythmic drug [(pvalue = 0.011, r = 0.423) and (p-value = 0.018, r = 0.398), respectively] (Table 5) .
Prognostic value of thyroid function
The possible prognostic value of thyroid hormones in mechanically ventilated patients in terms of their impact on; the type of mechanical ventilation (whether invasive or non-invasive), its duration, and the length of ICU stay, in addition to the ability to predict the NIV failure and the final outcome, was evaluated.
It was found that, the level of each of thyroid hormones was not significantly correlated to the type of mechanical ventilation, its duration, and the length of ICU stay (Table 6) .
Among the sixteen patients who were initially supported by NIV, endotracheal intubation and subsequent invasive ventilation were required for six patients. They were diagnosed as the following; 2/9 patients with COPD, 2/5 patients with overlap syndrome, and the two cases of acute exacerbation of IPF. There was no significant difference between patients who succeeded and patients who failed NIV as regards the cause of the disease (P-value = 0.120) and the mean APACHE II score (10.50 ± 3.95, 12 ± 3.578; P-value = 0.514). Also there was no significant difference between patients who succeeded and patients who failed NIV as regards the level of thyroid hormones (Table 7) .
Five (12.5%) patients died during their stay in the RICU. No significant difference was observed between these patients and those who survived as regards ; age (p-value = 0.296), sex (p-value = 0.373), clinical status reflected by APACHE II score (15.80 ± 7.69, 12.34 ± 4.27; P-value = 0.156), level of hs-CRP (p-value = 0.499), and even the occurrence of complications (p-value = 0.322). It was also found that FT3, FT4, TSH levels among patients who survived were not significantly different from patients who died (Table 8) .
Correlation between thyroid hormones and hs-CRP
No significant correlation was detected between initial levels of both FT3 and FT4 and hs-CRP. However, there was a significant positive correlation between initial TSH level and hs-CRP (p-value = 0.045, r = 0.319). (Fig. 2, Table 9 ).
Discussion
The main finding of our study was that 40% of the patients had NTIS at the time of admission that was primarily reflecting the state of critical illness rather than the cause of respiratory disease. Although the level of thyroid hormones could not predict the success of NIV and could not have an impact on mortality, the level of TSH was significantly correlated to both PaO 2 and hs-CRP level.
In agreement with our finding, De Groot [17] found in a cohort study of consecutive acutely ill, hospitalized older patients, that the prevalence of NTIS was 31.9%. Similar results were also presented by Bacakoglu and co-workers [18] who found that; higher rates of thyroid function test abnormalities (in at least one of the thyroid hormone levels mostly FT3), can be detected in patients hospitalized for respiratory failure compared to those with less severe disease and no respiratory failure. Also Nafae et al. [19] found NTIS with a frequency of 31.2% at the first day of admission among patients with respiratory failure.
There was a significant positive correlation between FT3 and FT4 with APACHE II score at the time of admission [(p-value = 0.009, r = 0.407) and (p-value = 0.008, r = 0.417), respectively]. There was no significant correlation between each of thyroid hormones and PH, PaO 2 , PaCO 2 , HCO 3 and PaO 2 /FIO 2 ratio and only there was a significant Table 4 Comparison between the levels of thyroid hormones among the study population on admission and on discharge. inverse correlation between TSH level and PaO 2 (p-value = 0.041, r = À0.324) (Fig. 1) . In contrary to our results, Scoscia et al. [9] found that FT3 was significantly correlated with the severity of pulmonary gas exchange impairment as reflected by PaO 2 /FIO 2 ratio and negatively correlated with APACHE II score. The changes in serum thyroid hormone levels in the critically ill patient seem to result from alterations in the peripheral metabolism of the thyroid hormones, in TSH regulation, in the binding of thyroid hormone to transport-protein and in receptor binding and intracellular uptake. Medications also have a very important role in these alterations [20] .
Taking into consideration that different medications may alter the level of thyroid hormones, we evaluated the effect of dopamine, corticosteroids, and digoxin on the levels of thyroid hormones. A significant correlation as regards the % change of FT3 and % change of FT4 was found only with the use of digoxin.
In our study, it was also found that, the level of each of thyroid hormones was not significantly correlated to the type of mechanical ventilation, its duration, and the length of ICU stay (Table 6 ). In contrary to our finding, Nafae and associates [19] found that there was a highly significant negative correlation between serum levels of free T3 and TSH and each of the duration of mechanical ventilation and length of ICU stay in the respiratory failure group.
Also, Datta and Scalise [5] , in a retrospective study, reported that patients with NTIS were more frequently treated with invasive mechanical ventilation when compared to those with normal thyroid function.
Many factors are involved in the determination of the success of NIV. They include both patient related factors and technical factors [21] . The current study showed that there was no significant difference between patients who succeeded NIV and patients who failed it as regards; the cause of the disease (P-value 0.120), and the mean APACHE II score (10.50 ± 3.95, 12 ± 3.578; P-value = 0.514).
Assessment of the possible relation between the level of thyroid hormones and the ability to predict NIV failure revealed lack of significant difference between patients who succeeded and patients who failed NIV (Table 7) . Our study was the first to prospectively assess this possible relation.
In contrary to our finding Scoscia et al. [22] in a retrospective study of 32 mechanically ventilated patients with respiratory failure, suggested that low T3 state could predict NIV failure and outcome.
Also the results of our study showed that there was no significant relation between thyroid hormone levels and the final outcome (Table 8 ). In support with our finding, Van den Berghe [1] found that FT3 could not predict the outcome.
Also Plikat et al. [23] found that about 44% of patients admitted in medical intensive care unit of the University Hospital of Regensburg had NTIS and there was no significant correlation between FT3 and mortality rate. Nafae et al. [19] also stated that there was no significant relation between outcome and thyroid hormone levels at 3 rd day in the respiratory failure patients. In contrary to that, Scoscia et al. [9] suggested that FT3 levels may be a reliable predictor of the clinical outcome.
As regards the relation between thyroid hormones and hs-CRP; although the levels of both FT3 and FT4 were negatively correlated to hs-CRP, the correlation did not reach a statistical significance. There was a significant positive correlation between initial TSH and hs-CRP (p-value = 0.045, r = 0.319) (Fig. 2) . Tognini et al. [24] found that besides the specific underlying diseases, the presence of NTI was characterized by both an advanced disease state and increased acute inflammation indexes including CRP.
The following worth attention
Although our study involved different causes of pulmonary diseases that seemed to be heterogeneous, there were no significant difference as regards each of thyroid hormones and hs-CRP according to the cause of respiratory failure. This allowed the study to directly reflect the state of mechanically ventilated patients with acute respiratory failure rather than the aetiology of the pulmonary disease itself. Also, we did not assess the metabolic parameters namely; lipid profile and body mass index, which should be taken into consideration while assessing thyroid function, and lastly, we recommend serial measurement of thyroid hormones especially in large number of patients with prolonged mechanical ventilation and persistently high hs-CRP in order to plan for possible thyroid hormone replacement when appropriate.
Conclusion
A state of non thyroidal illness was found among mechanically ventilated patients with respiratory diseases. Although the levels of FT3 and FT4 were inversely correlated to the type of mechanical ventilation, its duration, and length of ICU stay, no statistical significance was found.
The level of thyroid hormones could neither predict failure of NIV nor the patients' outcome.
There was a significant positive correlation between the levels of hs-CRP and TSH reflecting the possible interaction between hormonal changes and CRP as a marker of systemic inflammation among critically ill patients with pulmonary diseases that may have a synergistic effect on the patients' outcome. This finding is to be evaluated in a larger prospective study especially in patients with prolonged mechanical ventilation.
